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Membrane Syringe 
BACKGROUND OF THE INVENTION 

> 

1 . Field of the Invention 

[0001] The injection relates to a syringe, in particular to a prefillable or prefilled 
syringe, having a syringe cylinder with an end provided with a syringe connection 
having a free end. 

2. Description of the Related Art 

[0002] Prefilled syringes of this type are known; they are usually manufactured 
with a syringe cylinder of glass, wherein on that side of the syringe cylinder distant to 
the syringe plunger there is provided a syringe connection which is sealingly closed by 
way of a further component. 

[0003] With the state of the art known from U.S. Patent No. 5,989,227, this 
further component is a sealing element which is rigidly connected to and is to remain on 
the syringe connection. For removing the fluid located in the syringe cylinder this 
closure must be pierced by way of a cannula. The solution known from U.S. Patent No. 
5,135,496 is more favorable inasmuch as this further component already has a through- 
bore which at the end is sealed by way of a closure plug which must first be directly 
removed before use. The embodiment form described here however is extremely 
complicated in its construction since apart from the syringe cylinder three or four further 
components are required. 
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[0004] U.S. Patent No. 5,833,653 discloses a syringe connection which is closed 
by way of a further component which although comprising a central through-bore, is 
however closed by way of a membrane. In order to release this connection the syringe 
cylinder is pressed in, by which means the membrane is deflected outwards due to the 
increased inner pressure, and here is pierced by a spike-like plug which projects into 
the Luer connection of the syringe. Disregarding the fact that this solution is also 
complicated in its design due to the multitude of components, the design of the 
membrane is very difficult with regard to manufacturing technology and is thus 
expensive. Specifically it needs to be thin enough such that with the impingement of 
pressure it bulges sufficiently towards the spike, and on the other hand it must be thick 
enough to reliably close off the contents. 

[0005] For syringes with a syringe cylinder consisting of plastic, a similar closure 
variant is known from U.S. Patent No. 5,624,402. The closure element to be placed onto 
the syringe connection likewise consists of a multitude of components and requires a 
costly manufacture and is thus expensive. 
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SUMMARY OF THE INVENTION 

[0006] Against this background it is the object of the invention to create a syringe 
according to the known type, which is inexpensive and may be easily manufactured, but 
which at the same time however ensures a sealed closure of the fluid located therein. 
[0007] The basic concept of the present invention is to design the syringe 
cylinder together with the syringe connection and the membrane closing this as one 
piece as a plastic injection molded part. By way of this the multitude of parts which is 
otherwise common is minimized, by which means the manufacturing costs may be 
reduced to a minimum, in particular with the large batch numbers produced here. At the 
same time the design according to the invention also offers a large safety with regard to 
sealing, since with the selection of a suitable, diffusion-tight plastic only the region 
between the plunger and the syringe cylinder remains to be sealed. This region must be 
sealed with all syringe designs and this has been technically mastered and may be 
realized with relatively little cost with regard to manufacturing technology. A further 
advantage of the membrane closure manufactured of one piece with the syringe is that 
the content, which is typically a medicine, only comes into contact with one and the 
same plastic. Furthermore it is also advantageous that the syringe is completely tight 
also with all subsequent processing steps such as autoclaving, labeling etc. and is not 
compromised by way of these steps. The sealing can be checked visually so that the 
sterility is considerably simpler to verify than is the case with the state of the art. 

[0008] A syringe connection within the context of the invention is to be 
understood as the connection provided at the that end of the syringe which is distant to 
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the plunger, which is either a Luer connection or a Luer lock connection, but also a 
special connection onto which then a component is placed which forms the actual 
cannula or other closure. 

[0009] The syringe according to the invention, at the free end of the syringe 
connection is preferably provided with a cap which comprises a spike for piercing the 
membrane. At the same time it is particularly favorable if the cap is designed such that it 
at least engages over the free end of the syringe connection in order to protect the 
whole syringe connection from germs and simultaneously to form a tool with which the 
membrane may be pierced in a directed manner, and thus the syringe may be opened 
for the directed application. 

[0010] It is particularly advantageous if the cap and the syringe are matched to 
one another such that the cap is arranged in a first position in which the spike lies 
opposite the membrane and arranged at a distance to this. In this position the cap 
merely serves for protecting the syringe connection. From this position the cap may be 
brought into a second position in which the spike penetrates through the membrane. In 
this manner the membrane may be pierced, i.e. the syringe may be opened for its 
directed use without having to remove the cap from the syringe, by which means the 
danger of contamination with germs is reduced further since the spike which after 
opening the usually sterile package likewise lies sterile in the inside of the cap, then 
without further removal may be introduced directly into the membrane. Only afterwards 
is the cap removed as the case may be, in order to connect the syringe. 
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[0011] The invention however envisages design variants which will be described 
further below and with which the cap after piercing the membrane, is not to be removed 
but simultaneously forms a connection component. Such a component may for example 
be formed by a tubular spike which opens into the inside of a Luer connection or Luer 
lock connection provided on the outer side of the cap. With such a design the cap 
usefully at its cannula-side end is yet provided with a (further) protective cap which 
engages over at least the Luer connection and closes this to the outside. With the 
application of a Luer lock connection on the outer side this may either be completely 
engaged over by the protective cap or however in a manner such that the Luer 
connection which is always formed within the Luer lock connection is engaged over. 
[0012] If the cap as is envisaged in a further formation of the invention is formed 
as a further component not only for opening the membrane, but also for leading through 
the fluid located in the syringe, then this cap may usefully be connected to the syringe 
cylinder by way of a bayonet, wherein the bayonet is designed such that the cap 
engages over the syringe connection, and the actual bayonet path has a gradient in a 
manner such that with the transfer from the first into the second position the cap is 
moved axially in the direction of the syringe cylinder. This bayonet path with a gradient 
then at the same time forms the path guide for a targeted penetration of the spike into 
the membrane, wherein here one may create a relatively high pressure with a relatively 
small force of the hand, depending on the gradient. This permits a relatively thick design 
of the membrane which in turn is favorable with regard to manufacturing technology. 
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[0013] Instead of the previously mentioned intermediate component, thus a cap 
with a through-flow function, the syringe connection according to the invention may also 
be directly formed as a Luer connection or preferably as a Luer lock connection, 
wherein the membrane preferably only closes the Luer connection so that the thread 
present in the Luer lock connection may be used for fastening and for a guide path. 
[0014] In order to prevent the cap from being unintentionally brought from the first 
into the second position, it is useful to provide locking means between the cap and the 
syringe connection or syringe cylinder, which ensures that one needs to overcome a 
predefined force for conveying from the first into the second position. Such locking 
means for example may be formed by a ring tapering conically towards the tip on the 
outer circumference of the Luer lock connection, or corresponding ring sections which 
engage into a corresponding groove or groove section on the inner circumference of the 
cap. The cap is preferably formed divided in this region so that the remaining 
circumferential parts may spring outwards in order to overcome this ring. Such a 
conically tapering ring on the outer circumference of the Luer lock connection 
furthermore has the advantage that not only cannula but where appropriate a flexible 
tubing may be directly connected to this syringe closure in that this tubing is pushed 
over the ring. The conicity of the ring not only encourages the sliding on of the flexible 
tuning, but also at its outer circumference provides for an increased sealing effect which 
as a rule is sufficient for a reliable sealing between the flexible tubing and the syringe 
body. 
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[0015] The syringe, in particular the syringe cylinder with the membrane which 
are formed as one piece at the same time are advantageously manufactured of 
polyolefins, preferably of polypropylene (PP) or cyclo-olefin polymers (COP) or other 
barrier plastics. 

[0016] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, for which 
reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless otherwise indicated, 
they are merely intended to conceptually illustrate the structures and procedures 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. la is a longitudinal section of the cannula-side end of a syringe 
cylinder of a syringe according to the invention with a placed-on cap, in a first position; 
[001 8] Fig. 1 b is a longitudinal section of the cap; 

[0019] Fig. 1c is a longitudinal section of the cannula-side end of the syringe 
cylinder; 

[0020] Fig. Id is a side view of the cannula-side end of the syringe cylinder with a 
placed-on cap; 

[0021] Fig. 1e is a side view of the cap; 

[0022] Fig. If is a side view of the cannula-side end of the syringe cylinder; 

[0023] Fig. 2 an alternative embodiment, and specifically 

[0024] Fig. 2a the cannula-side end of a syringe cylinder of a syringe according to 

the invention with a placed-on cap, in a first position and in a longitudinal section; 

[0025] Fig. 2b the cap in a longitudinal section; 

[0026] Fig. 2c the cannula-side end of the syringe cylinder in a longitudinal 
section; 

[0027] Fig. 2d the cannula-side end of the syringe cylinder with a placed-on cap 
in the second position, in a longitudinal section; 

[0028] Fig. 2e a lateral view of the embodiment shown in Fig. 2a; 

[0029] Fig. 3 a third embodiment variant and specifically; 

[0030] Fig. 3a a longitudinal section of the cap and the cannula-side end of the 
syringe cylinder in the first position; 


9 



By Express Mail # EV353806220US 


[0031] Fig. 3b a longitudinal section of the cap; 

[0032] Fig. 3c a longitudinal section of the cannula-side end of the syringe 
cylinder; 

[0033] Fig. 3d the cannula-side end of the syringe cylinder with a cap in the 
second position, in a longitudinal section; 

[0034] Fig. 3e a lateral view of the cap; 

[0035] Fig. 3f a lateral view of the cannula-side end of the syringe cylinder; 

[0036] Fig. 3g a lateral view of the two components in a first position; 

[0037] Fig. 4 a fourth embodiment variant with an intermediate component, and 
specifically; 

[0038] Fig. 4a a longitudinal section of one variant of the cannula-side end of the 
syringe cylinder with a placed-on intermediate component in a first position, with a 
protective cap; 

[0039] Fig. 4b the previously mentioned components in an exploded 
representation; 

[0040] Fig. 5 a longitudinal section of one variant of the cannula-side end of the 
syringe cylinder with a placed-on intermediate component, in a first position, with a 
protective cap; and 

[0041] Fig. 6 a longitudinal section of a further variant of the cannula-side end of 
the syringe cylinder with a placed-on intermediate component in a first position with a 
protective cap. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0042] With the embodiment form according to Fig. 1 a Luer lock connection 2 is 
integrally formed onto the cannula-side end of the syringe cylinder which is not shown in 
detail. The Luer lock connection 2 in the known manner consists of a Luer connection 3 
which at a distance is surrounded by a cylindrical wall section 4 on whose inner side 
there is provided a thread 5. 

[0043] For protecting the syringe connection formed by the Luer lock connection 
2 there is provided a cap 6 which is formed essentially cup-shaped and comprises an 
inner cylinder 7 which carries an outer thread which may be brought to engage with the 
thread 5 of the Luer lock connection 2. Within the inner cylinder 7 there is provided a 
spike 8 which in a first position according to Fig. la is arranged at a small distance to a 
membrane 9 which closes the Luer connection 3 and seals it to the top. As is clearly 
evident from Fig. la and c the syringe cylinder, Luer lock connection 2 as well as the 
membrane 9 are formed as one piece and specifically as an injection molded plastic 
part. 

[0044] So that the cap 6 remains in its first position shown in Fig. la in which the 
spike 8 is arranged at a distance to the membrane 9, there are provided locking means, 
and specifically in the form of a ring 10 which tapers conically towards the tip and which 
is integrally formed on the outer circumference of an outer cylinder 12 of the cap 6. The 
outer cylinder 12 which is arranged at a distance to the inner cylinder 7 and is arranged 
surrounding this as well as the end-side part of the wall section 4, has in total four 
longitudinal recesses 13 distributed over the circumference, so that the outer cylinder 
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sections formed by way of this, for placing on the cap 6 into the first position shown in 
Fig. 1 a, may overcome the ring 10 until this ring lies in the groove 1 1 . In this position, as 
Fig. la clearly shows, the inner cylinder 7 is immersed up to roughly half into the thread 
5 of the Luer lock connection 2, so that on the one hand there is provided a stable 
seating as well as a mechanical protection of the Luer lock connection, and on the other 
hand there still remains a free path in order to bring the cap 6 into a second position in 
which after overcoming the locking means 10, 11 the spike 8 is completely immersed 
into the membrane 9 and thus in order to open the lumen of the Luer connection 3. A 
grip piece 14 is provided on the upper side of the cap in order to bring the cap 6 into this 
position. 

[0045] The syringe according to the invention is prefilled at the factory and at the 
end distant to the cannula is provided with a plunger in a manner known per se. The 
cannula end 1.1 is provided with the cap 6, and specifically in the first position as is 
shown in Fig. la. The syringe which is thus completed is packed in a sterile manner. 
For use firstly the sterile package is opened for the first time, whereupon the user grips 
the cap 6 at the grip piece 14 and from this first position screws it in whilst completely 
overcoming the locking force, i.e. up to the abutment, into the thread 5 of the Luer lock 
connection 2. At the same time the thread 5 serves for guiding as well as force 
transmission. The spike 8 at the same time works its way into the membrane 9 and 
opens the lumen of the Luer connection 3. By rotating in the opposite direction the cap 
is then removed and a cannula preferably with a Luer lock connection is fastened in a 
manner known per se. Alternatively via the wall section 4 one may also directly connect 
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a flexible tubing, with this then the ring 1 1 tapering conically towards the tip serves as a 
guide as well as a sealing ring. 

[0046] The embodiment variant according to Fig. 2 differs from that previously 
described in that here there is provided no conically tapering ring 10, but instead of this 
a locking projection 15 is formed on the outer side of the wall section 4, and this 
projection lockingly cooperates with the groove 11 in the same manner as with the 
embodiment variant according to Fig. 1. In Fig. 2 there are shown the first position in 
which the spike 8 is arranged lying opposite the membrane at a distance, in the 
representation according to Fig. 2a, and the second position in which the spike 8 has 
completely penetrated through membrane 9 and has penetrated into the Luer 
connection 3 at the end face. At the same time the end-face free end of the inner 
cylinder 7 bears on the abutment, specifically on the base of the Luer lock connection 2. 
[0047] The cannula end 1 .2 of the syringe is shown somewhat differently than in 
Fig. 1, in order by way of example to emphasize that here it may be the case of a 
cannula end of any syringe. 

[0048] By way of Fig. 3 there is shown a third embodiment variant which differs 
from that previously described by way of Fig. 2 essentially at the cap side. Specifically 
there is provided a cap 16 here which consists of the inner cylinder 7, the spike 8 as 
well as the grip piece 14 and a corresponding end-face connection wall. Since here the 
cap 16 merely engages over the Luer connection 3 and no outer cylinder is provided, 
the locking means here are also done away with. On the outer circumference of the wall 
section 4 there is neither provided a locking projection nor a ring. Irrespective of this the 
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cannula ends 1.1 and 1.2 described previously by way of Fig. 1 and 2 respectively may 
be used with the simplified cap 16 according to Fig. 3. 

[0049] With the embodiment form according to Fig. 4 the cannula end 1 .4 of the 
syringe cylinder opens into a syringe connection 17 which in contrast to the previously 
described embodiment forms is not formed by a Luer lock connection but by a cylinder 
connection 1 8 which at its end proximal to the syringe cylinder comprises a membrane 
19. On the outer side of the cylinder section 18 there are integrally formed two grooves 
20 displaced by 180° to one another with a thread-like gradient. Guide studs 21 engage 
into these grooves 20 and these studs are displaced to one another likewise by 1 80° on 
the inner circumference of the cylinder section 22 which forms part of an intermediate 
component 23 which on the cannula-side is provided with a Luer lock connection 2. The 
Luer lock connection 2 is connected by an end-face wall to the cylinder section 22 on 
which a hollow spike 24 is integrally formed, whose inner channel is connected to the 
lumen of the Luer connection 3 of the Luer lock connection 2. On the outer side of the 
intermediate component 23 there are provided two grip pieces likewise displaced by 
1 80° which sen/e the handling of the component and whose shape and arrangement 
are to be deduced in detail from Fig. 4. 

[0050] A protective cap 26 which is pushed on as is evident from Fig. 4a protects 
the Luer connection 3. This protective cap with a blunt spike engages into the lumen of 
the Luer connection 3. 

[0051] The prefilled syringe is supplied as is shown in Fig. 4a, i.e. the 
intermediate component 23 is located in a first (upper) position of the grooves 20. The 
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guide bolts 21 thus already lie in the grooves 20 so that the cylinder section 22 with its 
inner circumference is led on the outer circumference of the cylinder section 18. The 
protective cap 26 covers the Luer connection 3 of the Luer lock connection 2. For 
opening the membrane 19 the intermediate component 23 is gripped by way of the grip 
pieces and rotated along the grooves 20 into the second position. By way of the fact 
that the grooves 20 run obliquely from the top to the bottom (with respect to Fig. 4), then 
by rotating the intermediate component 23 this is lowered with respect to the cannula 
end or approaches this end. At the same time the hollow spike 24 pierces the 
membrane 19 and thus creates a fluid-leading connection between the inside of the 
syringe cylinder and the lumen of the Luer connection 3. Then only the protective cap 
26 is to be removed, whereupon a cannula may be attached and the syringe may be 
used it its directed manner. 

[0052] Two further embodiment variants of the invention are yet shown by way of 
Figures 5 and 6, and specifically with regard to the cannula end of the syringe cylinder 
1.5 and 1.6 respectively. The intermediate component 23 as well as the protective cap 
26 with this are identical (disregarding the length of the hollow spike) to the designs 
described by way of Figures 4a and 4b. 

[0053] In contrast to the cannula end of the syringe cylinder 1 .4, with the syringe 
cylinder 1 .5 the membrane 27 is not arranged at the base of the cylinder section 1 8, but 
at the upper end of this. This has the advantage that a smooth ending without rear 
projecting parts arises which is easily handled. Furthermore the possible filling volume 
of the syringe cylinder is increased and the length of the hollow spike 24 is shortened. 
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This also applies to the embodiment variant represented by way of Fig. 6 with which the 
cannula end of the syringe cylinder 1.6 merges into the syringe cylinder in a flush 
manner. This variant is to particularly emphasize the fact that the invention may be 
applied with syringe cylinder of almost any shape. 

[0054] The previously described embodiment examples are only to be 
understood as examples and are not limiting. The previously described features may 
also be applied individually or in a varying combination. In a simplified embodiment e.g. 
a Luer connection provided with a membrane may also be provided which may be 
opened by way of a cap able to be placed on, or other suitable tool. 

[0055] Thus, while there have shown and described and pointed out fundamental 
novel features of the invention as applied to a preferred embodiment thereof, it will be 
understood that various omissions and substitutions and changes in the form and 
details of the devices illustrated, and in their operation, may be made by those skilled in 
the art without departing from the spirit of the invention. For example, it is expressly 
intended that all combinations of those elements and/or method steps which perform 
substantially the same function in substantially the same way to achieve the same 
results are within the scope of the invention. Moreover, it should be recognized that 
structures and/or elements and/or method steps shown and/or described in connection 
with any disclosed form or embodiment of the invention may be incorporated in any 
other disclosed or described or suggested form or embodiment as a general matter of 
design choice. It is the intention, therefore, to be limited only as indicated by the scope 
of the claims appended hereto. 
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